Cognitive control requires choosing contextual information to update into working memory (input gating), maintaining it there (maintenance) stable against distraction, and then choosing which subset of maintained information to use in guiding action (output gating). Recent work has raised the possibility that the development of rule-guided behavior, in the transition from childhood to adolescence, is linked specifically to changes in the gating components of working memory (Amso, Haas, McShane, & Badre, 2014). Given the importance of effective rule-guided behavior for decision making in this developmental transition, we used hierarchical rule tasks to probe the precise developmental dynamics of working memory gating. This mechanistic precision informs ongoing efforts to train cognitive control and working memory operations across typical and atypical development. The results of Experiment 1 verified that the development of rule-guided behavior is uniquely linked to increasing hierarchical complexity but not to increasing maintenance demands across 1st, 2nd, and 3rd order rule tasks. Experiment 2 then investigated whether this developmental trajectory in rule-guided behavior is best explained by change in input gating or output gating. Further, as input versus output gating also tend to correlate with a more proactive versus reactive control strategy in these tasks, we assessed developmental change in the degree to which these two processes were deployed efficiently given the task. Experiment 2 shows that the developmental change observed in Experiment 1 and in Amso et al. (2014) is likely a result of increased efficacy of output gating processes, as well as greater strategic efficiency in that adolescents opt for this costly process less often than children.
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Introduction
An important factor in human cognitive development is the emergence of rule-guided action selection. Every situation confronting a child is associated with appropriate and inappropriate behaviors. Flexible and adaptive function requires being able to use rules to plan and execute appropriate action. This ability depends on cognitive control and permits appropriate actions to be selected based on goals, plans, or a particular context. In the simplest instance, rules can be concrete in that they map a given context directly to action. For example, the common household rule ''when going outside, wear sunblock" directly relates a context (being outside) to an action routine (apply sunblock).
However, in the complexity of the real world, rules are rarely so direct. Rather, they become nested hierarchically to the extent that they relate increasingly higher order contexts and contingencies to classes of simpler rules (Badre, 2008; Barto & Mahadevan, 2003; Frank & Badre, 2012) . Hierarchical rules can be assigned a rule order based on the number of contingency levels they include. Thus, to extend our example from above, the validity of the described rule for wearing sunblock might further depend on whether it is sunny (valid) or cloudy (invalid). This defines a new, second order rule signifying appropriate first order rules (i.e., ''when going outside, wear sunblock") in a given context (i.e., sunny day). And, of course, all of these contextual relationships may change if the child is currently with a caregiver or with their friends. From this example, it is easy to see how the ability to contingently relate contexts to one another in order to specify a rule is crucial for everyday planning and adaptive behavior. Thus, hierarchical rule use of this type supports complex contingent action selection (Badre & D'Esposito, 2007; Badre, Hoffman, Cooney, & D'Esposito, 2009; Chatham, Frank, & Badre, 2014) , learning and generalization (Badre & Frank, 2012; Badre, Kayser, & D'Esposito, 2010; Botvinick, 2008; Collins & Frank, 2013; Frank & Badre, 2012) 
